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(54) METHOD FOR MANUFACTURING SEMICONDUCTOR LIGHT EMITTING DEVICE AND 
SEMICONDUCTOR LIGHT EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To shorten a manufacturing 
process for forming a ridge in a semiconductor layer. 
SOLUTION: After forming a striped p-side electrode 21, a p- 
side contact layer 1 7 and a p-type clad layer 1 6 are partly and 
selectively etched by an RIE method using a chlorine gas (CI2) 
while the p-side electrode 21 is used as a mask, and the p-type 
clad layer 16 is exposed over the surface in a self- aligning way 
and a ridge part R is formed of an upper part of the p-type clad 
layer 16, p-side contact layer 17 and p-side electrode 21. The 
p-side electrode 21 has a structure that platinum, gold and 
nickel, or nickel, platinum, gold, and nickel are sequentially 
laminated from the side of the p-side contact layer 1 7 f 
respectively. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the semi-conductor light emitting device which is the 
manufacture approach of a semi-conductor light emitting device of having ridge structure directly under 
[ said ] an electrode while an electrode contacts the semi-conductor layer containing a luminous layer, 
and is characterized by to include the process which forms a stripe-like electrode in the top face of 
said semi-conductor layer, and the process which forms the ridge section in said a part of semi- 
conductor layer [ at least ] by etching said semi-conductor layer by using said electrode as a mask 
[Claim 2] The manufacture approach of the semi-conductor light emitting device according to claim 1 
characterized by including the process which forms an insulating layer so that fields other than said 
electrode of said ridge section may be covered after forming said ridge section. 

[Claim 3] The manufacture approach of the semi-conductor light emitting device according to claim 1 
characterized by forming with the III group night RAIDO compound semiconductor containing at least 
one sort of III group elements of the groups which consist said semi-conductor layer of a gallium (Ga), 
aluminum (aluminum), an indium (In), and boron (B), and nitrogen (N). 

[Claim 4] The manufacture approach of the semi-conductor light emitting device according to claim 3 
characterized by forming said insulating layer by the insulating material with a refractive index smaller 
than the semi-conductor layer which constitutes said ridge section. 

[Claim 5] The manufacture approach of the semi-conductor light emitting device according to claim 3 
characterized by forming with the metal containing at least one sort in the group which consists said 
electrode of nickel (nickel) and platinum (Pt). 

[Claim 6] At least said semi-conductor layer The 1 st conductivity-type contact layer, the 1 st 
conductivity-type cladding layer, The laminating of a barrier layer, the 2nd conductivity-type cladding 
layer, and the 2nd conductivity-type contact layer is carried out. And said electrode is an electrode of 
the 2nd conductivity type formed on said 2nd conductivity-type contact layer. The manufacture 
approach of the semi-conductor light emitting device according to claim 1 characterized by said 2nd 
conductivity-type contact layer and forming the ridge section by removing alternatively to a part of 2nd 
conductivity-type cladding layer further by using the electrode of said 2nd conductivity type as a mask. 
[Claim 7] The process at which the process which forms an electrode on said semi-conductor layer 
forms in the top face of said semi-conductor layer the protective layer which consists of an etching- 
proof ingredient, The process which forms opening according to the pattern of said electrode in this 
mask layer after forming a mask layer in the top face of said protective layer, The process which 
removes the residue which arose at the time of opening formation in said mask layer, and has adhered 
to the interior of opening, protecting said semi-conductor layer by said protective layer, The process at 
which the field corresponding to said opening of said protective layers is removed alternatively, and said 
semi-conductor layer is alternatively exposed using said mask layer, The manufacture approach of the 
semi-conductor light emitting device according to claim 1 characterized by including the process which 
uses said mask layer and forms an electrode on the exposure of said semi-conductor layer. 
[Claim 8] The semi-conductor light emitting device characterized by having a wrap insulating layer for 
fields other than the electrode of the shape of a stripe of the same width of face, and said electrode of 
the front face of said ridge section substantially with the semi-conductor layer which has the ridge 
section at least in a part, and the front face of said ridge section in contact with the front face of the 
ridge section of said semi-conductor layer, including a luminous layer. 

[Claim 9] Said semi-conductor layer is a semi-conductor light emitting device according to claim 8 
characterized by being formed by the III group night RAIDO compound semiconductor containing at least 



one sort of III group elements of the groups which consist of a gallium (Ga), aluminum (aluminum), an 
indium (In), and boron (B), and nitrogen (N). 

[Claim 10] Said insulating layer is a semi-conductor light emitting device according to claim 9 
characterized by being formed of the insulating material with a refractive index smaller than the semi- 
conductor layer which constitutes said ridge section. 

[Claim 1 1] Said electrode is a semi-conductor light emitting device according to claim ^characterized 
by being formed with the metal containing at least one sort in the group which consists of nickel (nickel) 
and platinum (Pt). 

• [Claim 12] At least said semi-conductor layer The 1st conductivity-type contact layer f hthe 1st 
conductivity-type cladding layer, The laminating of a barrier layer, the 2nd conductivity-type cladding 
layer, and the 2nd conductivity-type contact layer is carried out. Said electrode is an electrode of the 
2nd conductivity type formed on said 2nd conductivity-type contact layer. And said ridge section The 
semi-conductor light emitting device according to claim 9 characterized by said 2nd conductivity-type 
contact layer and being formed by removing alternatively to a part of 2nd conductivity-type cladding 
layer further by using the electrode of said 2nd conductivity type as a mask. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the semi-conductor light 
emitting device of the ridge guided wave mold which consists of an III group night RAIDO compound 
semiconductor, and the semi-conductor light emitting device obtained by the approach. 
[0002] 

[Description of the Prior Art] III group night RAIDO compound semiconductors, such as GaN, AIGaN, 
GalnN, or AIGalnN, have the description that a band gap Eg is the semiconductor material of direct 
transition greatly compared with the group III— V semiconducter of an AIGalnAs system or an AIGalnP 
system. Therefore, these III group night RAIDO compound semiconductors attract attention as an 
ingredient which constitutes semi-conductor light emitting devices, such as semiconductor laser 
(LD;Laser Diode) which emits the light of short wavelength which hits green from ultraviolet rays, and 
light emitting diode (LED;Light Emitting Diode) which emits the light of the wavelength of the large range 
from ultraviolet rays to red, and the application to a high density optical disk, the display device for full 
color, etc. is considered. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, in the semi-conductor light emitting device using 
such an III group night RAIDO compound, it embeds as that guided wave structure, ridge structure is 
adopted as a high thing of versatility, and shortening of the production process of this ridge structure is 
demanded. 

[0004] Moreover, in the light emitting device which has such ridge structure, when securing the stable 
actuation, the technique about an ohmic electrode becomes very important. Conventionally, as an ohmic 
electrode by the side of p to the semi-conductor layer which consists of an III group night RAIDO 
compound semiconductor, what carried out the laminating of nickel (nickel), gold (Au), or platinum (Pt) 
and gold one by one from the semi-conductor layer side has been used, for example. [ nickel, and ] 
Moreover, as an ohmic electrode by the side of n, what carried out the laminating of titanium (Ti) and 
the aluminum (aluminum) one by one from the semi-conductor layer side has been used, for example. 
[0005] However, in especially the electrode by the side of p, if the ohmic electrode of such a 
configuration is used, adhesion may not be not much good by formation conditions etc. Therefore, the 
problem was in dependability — in case it mounts to the middle and the package of the production 
process of a component, exfoliate, or the instability [ layer / semi-conductor ] of adhesion to contact 
resistance becomes large. Also when semiconductor laser was produced and cleavage of the wafer was 
further carried out in order to form a reflecting mirror, the same problem had arisen. 
[0006] How to improve the adhesion of a semi-conductor layer and an ohmic electrode can be 
considered by changing the component of a semi-conductor layer or an ohmic electrode, or changing 
the heat treatment conditions at the time of carrying out alloying processing of the electrode as an 
approach of solving these problems. However, when the ingredient excellent in the adhesion of titanium 
etc. was used for the ohmic electrode material by the side of p, compared with the conventional 
structure, the single or more figures contact resistance between p lateral electrode and a semi- 
conductor layer became large, and the engine performance and dependability of a component had fallen. 
Also in the approach of similarly changing the heat treatment conditions at the time of carrying out 
alloying processing of the electrode, when it was going to raise adhesion, the contact resistance 
between p lateral electrode and a semi-conductor layer was large. 

[0007] Then, as other approaches of replacing with these, in the lithography process which performs 



pattern NINGU of an electrode, the conditions of the surface treatment of a semi-conductor layer are 
optimized, and how to raise adhesion can be considered by removing completely the residue between a 
semi-conductor layer and p lateral electrode. 

[0008] However, the case where surface treatment of a semi-conductor layer is performed in order to 
improve the adhesion of a semi-conductor layer and an ohmic electrode in this way, the front face of a 
semi-conductor layer — CVD (Chemical Vapor Deposition; chemical gaseous-phase vacuum 
evaporationo), in case law or a spatter performs film formation The front face of a semi-conductor layer 
received the damage, the carrier concentration of a semi-conductor layer front face decreased, and 
there was a problem that the contact resistance Rc between a semi-conductor layer and an ohmic 
electrode will become large. 

[0009] Furthermore, in semiconductor laser etc., when the electrode other than the problem mentioned 
above was in contact with the front face of a semi-conductor layer over the field larger than the field 
through which it has flowed electrically, parasitic capacitance occurred in surfaces of action other than 
this electric flow field, and there was also a problem of spoiling the RF property of a component. 
[0010] While being made in view of this trouble, that purpose's being able to shorten the production 
process of the ridge structure directly under an electrode and this invention's raising the adhesion of a 
semi-conductor layer and an electrode further, it is in offering the semi-conductor light emitting device 
produced by the manufacture approach of the semi-conductor light emitting device which can attain 
reduction-ization of the contact resistance between these, and this approach. 

[001 1] Moreover, the 2nd purpose of this invention reduces parasitic capacitance, and is to offer the 
manufacture approach of the semi-conductor light emitting device which can raise the RF property of a 
component. 
[0012] 

[Means for Solving the Problem] This invention is the manufacture approach of a semi-conductor light 
emitting device of having ridge structure directly under [ said ] an electrode while an electrode contacts 
the semi-conductor layer containing a luminous layer, and it is made to include the process which forms 
a stripe-like electrode in the top face of a semi-conductor layer, and the process which forms the ridge 
section in a part of semi-conductor layer [ at least ] by etching a semi-conductor layer by using an 
electrode as a mask. 

[0013] The process which forms the protective layer which becomes the top face of a semi-conductor 
layer from an etching-proof ingredient about the electrode on said semi-conductor layer in this 
invention, The process which forms opening according to the pattern of said electrode in this mask layer 
after forming a mask layer in the top face of a protective layer, The process which removes the residue 
which arose at the time of opening formation in a mask layer, and has adhered to the interior of opening, 
protecting a semi-conductor layer by the protective layer, It is desirable to form through the process at 
which the field corresponding to opening of the protective layers is removed alternatively, and a semi- 
conductor layer is exposed alternatively, and the process which uses a mask layer on the exposure of a 
semi-conductor layer, and forms an electrode using a mask layer. 

[0014] By the manufacture approach of the semi-conductor light emitting device by this invention, a 
semi-conductor layer is etched by using as a mask the electrode of the shape of a stripe formed 
beforehand, and, thereby, the ridge section of cross-section trapezoidal shape is formed in a part of 
semi-conductor layer [ at least ]. 

[0015] The semi-conductor light emitting device by this invention can be produced by the above- 
mentioned approach, and is substantially equipped with a wrap insulating layer for fields other than the 
electrode of the shape of a stripe of the same width of face, and said electrode of the front face of the 
ridge section with the semi-conductor layer which has the ridge section at least in a part, and the front 
face of the ridge section in contact with the front face of the ridge section of a semi-conductor layer, 
including a luminous layer. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail with reference to a drawing. 

[0017] Drawing 1 thru/or drawing 15 express the manufacture approach of the semiconductor laser 
concerning the gestalt of 1 operation of this invention for every process. This semiconductor laser is 
the laser of the ridge guided wave mold which combined the gain guided wave mold and the refractive- 
index guided wave mold. 

[0018] With the gestalt of this operation, first, as shown in drawing 1 - drawing 7 , the stripe-like p 
lateral electrode 21 is formed on the semi-conductor layer on a substrate 10. 



[0Q19] Namely, as shown in drawing 1 , the substrate 10 which consists of sapphire is prepared, a 
substrate 10 top — for example, MOCVD (Metal Organic Chemical Vapor Deposition; organic metal 
chemistry gaseous-phase vacuum evaporationo), after growing up the buffer layer 1 1 which consists of 
an III group night RAIDO compound semiconductor by law this buffer layer 11 — a nucleus — carrying 
out — the substrate layer 12, the n side contact layer 13, n mold cladding layer 14, a barrier layer 15, p 
mold cladding layer 16, and the p side contact layer 17 (these layers are alsd hereafter called semi- 
conductor layer collectively.) Sequential growth is carried out. Here, a buffer layer 1 1 , the substrate 
layer 12, the n side contact layer 13, n mold cladding layer 14, the barrier layer 15, p mold cladding layer 
16, and the p side contact layer 17 support one example of the "semi-conductor layer" of this 
invention. Moreover, n mold cladding layer 14 supports one example of the "1st conductivity-type 
cladding layer" of this invention, and p mold cladding layer 16 supports one example of the "2nd 
conductivity-type cladding layer" of this invention. 

[0020] After growing up 30nm of buffer layers 1 1 which consist of GaN which specifically has a near 
crystal structure amorphously at 550 degrees C, or AIGaN mixed crystal, 1 .5 micrometers of substrate 
layers 12 which consist of GaN which does not add an impurity at 1000 degrees C are grown up. Then, 
for example, the n side contact layer 13 (4.5 micrometers in thickness) which consists of an n mold GaN 
which added silicon (Si) as an n mold impurity, n mold cladding layer 14 (1.0 micrometers in thickness) 
which consists of n mold AIGaN mixed crystal which added silicon as an impurity, The barrier layer which 
has the multiplex quantum well structure which consists of GalnN mixed crystal and GaN (0.05 
micrometers in thickness), Sequential growth of p mold cladding layer 16 (0.8 micrometers in thickness) 
which consists of p mold AIGaN mixed crystal which added magnesium (Mg) as a p mold impurity, and 
the p side contact layer 17 (0.1 micrometers in thickness) which consists of a p mold GaN which added 
magnesium as an impurity is carried out. 

[0021] As in that case, for example, material gas of aluminum (aluminum), trimethylaluminum gas (CH3) 
(3 aluminum), As material gas of a gallium (Ga), trimethylgallium gas (CH3) (3 Ga) or triethylgallium gas 
(C2H5) (3 Ga), As material gas of an indium (In), trimethylindium gas (CH3) (3 In), As material gas of 
nitrogen (N), as ammonia gas (NH3) and material gas of silicon, mono-silane gas (SiH4), As material gas 
of magnesium, screw = methylcyclopentadienyl magnesium gas (MeCp2 Mg) or screw = magnesium 
cyclopentadienyl gas (Cp2 Mg) is used, respectively. 

[0022] Next, a part of the p side contact layer 17, p mold cladding layer 16, barrier layer 15, n mold 
cladding layer 14, and n side contact layer 13 are etched alternatively, and the n side contact layer 13 is 
exposed on a front face. In addition, the amount of etching in this case is 2 micrometers. 
[0023] next, the exposure whole (namely, the front face of the n side contact layer 13 and the p side 
contact layer 17 — ) of a semi-conductor layer In a list, on the side face of the n side contact layer 13, 
n mold cladding layer 14, a barrier layer 15, p mold cladding layer 16, and the p side contact layer 17 for 
example, vacuum deposition and ECRCVD (Electron Cyclotron Resonance Chemical Vapor Deposition; 
electron cyclotron resonance chemistry gaseous-phase vacuum evaporationo) — the insulating material 
which has etching-proof nature by law or the ECR spatter — For example, the insulating layer 18 which 
consists of a silicon dioxide (Si02) or 4 nitriding 3 silicon (Si3 N4) is formed. This insulating layer 18 
supports one example of the "protective layer" of this invention. Since an insulating layer 18 is here 
formed using the vacuum deposition, the ECRCVD method, or ECR spatter which can be carried out by 
being few during membrane formation or it loses the damage to the semi-conductor surface by the 
plasma It differs from the case where it forms using a heat CVD method, PE (Plasma Enhanced) CVD 
method, or the usual spatter. The field which touches an insulating layer 18 cannot receive a damage 
easily, and can prevent the fall of the carrier concentration of the p side contact layer 17 by the 
damage, or p mold cladding layer 16. 

[0024] Next, as shown in dra wing 2 , the resist film 19 with a thickness of 1 micrometer is formed with a 
spin coat method all over an insulating layer 18. Here, the resist film 19 supports one example of the 
"mask layer" of this invention. 

[0025] Next, as shown in drawing 3 , opening 19a according to the pattern of the p lateral electrode 21 
(refer to drawing 7 ) later mentioned on the resist film 19 is formed using a photolithography technique. 
A high-pressure mercury lamp is used and, specifically, it is 1 mW/cm3. After irradiating ultraviolet rays 
with an output at the about [ 10 second room ] resist film 19, about [ 30 second room ] development is 
performed at 20 degrees C using the developer of an inorganic-phosphoric-acid salt system. At this 
time, the development part of a resist is not removed completely but residue 20 may adhere to the 
interior of opening 1 9a. 

[0026] Then, after development, for example, the oxygen plasma is used and light ashing processing is 



performed for 3 minutes at a room temperature. Thereby, as shown in drawing 4 , residue 20 is removed, 
without most configurations of the resist film 19-changing. In addition, "light ashing processing" means 
carrying out ashing of the little adhering residue 20 on weak conditions (for example, conditions whose 
etch rates of a resist which make the energy and laying temperature of the oxygen plasma low are the 
following by 0.05-micrometer/) here. Here, since the semi-conductor layer is protected by the insulating 
layer 18 in case ashing processing is performed, a damage is not given to the front face of a semi- 
conductor layer, and the fall of carrier concentration, such as the p side contact layer 1 7, is prevented. 
[0027] Next, it etches until it results an insulating layer 18 in the p side contact layer 17 by using the 
resist film 19 as a mask using the etching reagent of a fluoric acid systecH, as shown in drawing 5 , and 
opening 18a is formed in the field corresponding to opening 19a of the insulating layers 18. Here, since 
the residue 20 adhering to opening 1 9a is removed completely, the residue of the resist film 1 9 moves in 
the inside of an etching reagent, and there is no possibility of carrying out the reattachment to the front 
face of the p side contact layer 17. 

[0028] Next, as shown in drawing 6 , after forming the nickel film or the platinum film on the whole 
surface (namely, on the p side contact layer 17 from which the insulating layer 18 was removed 
alternatively, and the resist film 19) with vacuum deposition, the proper metal (for example, gold) film is 
formed on it, and metal layer 21a is formed in it. Here, the reason for using nickel or platinum for the 
component of metal layer 21a is because these can acquire good ohmic contact to an III group night 
RAIDO compound. In addition, at this time, the exposure of the p side contact layer 17 is exposed in the 
field near the wall surface of opening 18a of an insulating layer 18 a little (for example, width of face of 1 
micrometer or less), as it was completely covered with metal layer 21a or was shown in drawing. 
[0029] Next, as shown in drawing 7 , the resist film 19 is removed using organic solvents, such as an 
acetone. At this time, the part which is in contact with the resist film 19 of metal layer 21a at 
coincidence is removed alternatively (the lift-off method), and it will be in the condition that only the 
part which is in contact with the p side contact layer 17 of the metal layer 21a remains. Then, by heat- 
treating to metal layer 21a which remains, it is alloyed and it considers as the p lateral electrode 21. 
Furthermore, since light is confined in a part of barrier layer 15 at the time of actuation of 
semiconductor laser, patterning of the p lateral electrode 21 is carried out so that it may become 
stripe-like (the shape of a stripe perpendicularly extended to space in drawing 7 ). 
[0030] In addition, in order to use the p lateral electrode 21 as an etching mask so that it may mention 
later, it controls that the p lateral electrode 21 is etched, and it is necessary to make it not affect the 
property of an electrode with the gestalt of this operation. Therefore, as for the outermost surface of 
the p lateral electrode 21, it is desirable to consist of nickel or platinum with larger etch selectivity with 
an III group night RAIDO compound semiconductor than gold. In addition, as an example of the structure 
of such a p lateral electrode 21, what carried out the laminating of platinum, gold and nickel or nickel, 
platinum, gold, and the nickel one by one from the p side contact layer 17 side is mentioned. 
[0031] Next, for example using the etching reagent of a fluoric acid system, as shown in drawing 8 After 
carrying out etching removal of the insulator layer 18, as shown in drawing 9 , the p lateral electrode 21 
is used as a mask, for example, reactant gas — chlorine gas (CI2) G1 A part of p side contact layer 17 
and p mold cladding layer 16 are alternatively etched by law. used RIE (Reactive IonEtching) — While 
exposing p mold cladding layer 16 on a front face in self align, the ridge section R which consists of the 
upper part of p mold cladding layer 16, a p side contact layer 17, and a p lateral electrode 21 is formed. 
[0032] next, as shown in drawing 10 , the insulating layer 31 which consists of a silicon dioxide 
(refractive index 1 .46) with vacuum deposition is formed in the whole (namely, the surface list of the n 
side contact layer 13, p mold cladding layer 16, and the p lateral electrode 21 — the side face of the 
ridge section R) exposure. 

[0033] Next, as shown in drawing 1 1 , the resist film 32 is formed with a spin coat method all over an 
insulating layer 31 . About the thickness of the resist film 32, it forms so that the thickness of the top 
face of the p lateral electrode 21 may become thinner than the thickness of other fields. When the sum 
total of the height (thickness) of the ridge section R and an insulating layer 31 is 1 micrometer, 
specifically, it forms so that thickness may be set to 0.5-0.8 micrometers on the top face of the p 
lateral electrode 21. 

[0034] Next, as shown in drawing 12 , it is oxygen gas (02) G2 to reactant gas. Used RIE is performed, 
the field corresponding to the ridge section R of the resist film 32 is removed alternatively, and an 
insulating layer 31 is exposed on a front face. Here, since the thickness of the resist film 32 of the top 
face of the p lateral electrode 21 is thinner than the thickness of the resist film 32 from other fields as 
already stated, only the resist film 32 of the upper part of the field corresponding to the ridge section R 



is removable. 

[0035] Next, as shown in drawing-13 , it is carbon tetrafluoride gas (CF4) G3 to reactant gas. Used RIE 
* is performed, the exposure of an insulating layer 31 is removed alternatively, and the p lateral electrode 

21 is exposed on a front face. Next, as shown in drawing 14 , it is oxygen gas G2 to reactant gas. Used 
RIE is performed and the resist film 32 is removed. Thereby, fields other than the front face of the p 
lateral electrode 21 will be in the condition of having been covered With the insulating layer 31. 
[0036] Next, after carrying out the sequential vacuum evaporationo of titanium, aluminum, platinum, and 
the gold, forming the n lateral electrode 22 like the case where the P^ateral electrode 21 is formed and 
forming further the electrodes 23 and 24 for contact which consist^ titanium and gold, respectively as 
shown in drawing 1 5 for example, cleavage of the substrate 10 is carried out to the die-length direction 
and perpendicular of the p lateral electrode 21 by predetermined width of face, and ridge guided wave 
mold semiconductor laser is completed by using the cleavage plane as a reflecting mirror. 

[0037] Thus, in the manufactured ridge guided wave mold semiconductor laser, when a predetermined 
electrical potential difference is impressed between the p lateral electrode 21 and the n lateral electrode 

22 through the electrodes 23 and 24 for contact, a current is poured into a barrier layer 15. In addition, 
the constriction of the current is carried out by the insulating layer 18. Thereby, in a barrier layer 15, 
luminescence by electronic-electron hole recombination takes place, and light is taken out outside 
through the reflecting mirror which is not illustrated. Here, since the ridge section R is covered with the 
layer (here insulating layer 31) which consists of an ingredient with a refractive index smaller than it, 
light can be shut up efficiently. In addition, for the refractive index of the p lateral electrode 21, in the 
ridge section R, the refractive index of 1 .64 and the p side contact layer 1 7 is [ the refractive index of 
2.53 and p mold cladding layer 16 ] 2.49. 

[0038] Thus, with the gestalt of this operation, since it was made to make the p side contact layer 1 7 
and p mold cladding layer 16 into the ridge configuration in self align by using the p lateral electrode 21 
as a mask, shortening of the production process of ridge guided wave mold semiconductor laser can be 
attained. 

[0039] Moreover, since the side face of the ridge section R was covered by the insulating layer 31 which 
consists of an ingredient with a refractive index smaller than the component of the ridge section R, 
while being able to give a refractive-index difference crosswise [ of a barrier layer 15 1 electric flow 
width of face of the p side contact layer 17 and the p lateral electrode 21 can be made the same as that 
of the width of face of the p lateral electrode 21. Therefore, the locked-in effect of light can be enlarged 
more. 

[0040] Moreover, with the gestalt of this operation, since the residue 20 adhering to opening 19a of the 
resist film 19 was removed after the semi-conductor layer had been protected by the insulating layer 18 
as the process of drawing 3 and drawing 4 also explained, grant of the damage to the front face of a 
semi-conductor layer is controlled in that case. Therefore, the fall of the carrier concentration of the p 
side contact layer 17 or p mold cladding layer 16 can be prevented, and the contact resistance value 
stabilized between the p lateral electrode 21 and the p side contact layer 17 can be acquired. Moreover, 
increase of the contact resistance between the n lateral electrode 22 and the n side contact layer 13 
can also be prevented for the same reason. Furthermore, since the insulating layer 1 8 was formed by 
vacuum deposition, the ECRCVD method, or the ECR spatter, the damage to the front face of a semi- 
conductor layer is controlled. Therefore, the fall of the carrier concentration of the p side contact layer 
17 or the n side contact layer 13 can be controlled also from this point. 

[0041] Moreover, since opening 18a was formed in the insulating layer 18 after removing the residue 20 
adhering to opening 19a of the resist film 19, in case opening 18a is formed, there is no possibility that 
the residue of a resist may move in the inside of an etching reagent, and may carry out the 
reattachment to the front face of the p side contact layer 17. Therefore, the p lateral electrode 21 can 
be formed on the clean surface of the p side contact layer 1 7, and the adhesion of the p side contact 
layer 17 and the p lateral electrode 21 can be raised. Consequently, exfoliation of the p lateral electrode 
21 at the time of mounting to the middle and the package of a production process can be prevented. 
[0042] Furthermore, since the p lateral electrode 21 and the n lateral electrode 22 were covered with 
the electrodes 23 and 24 for contact, respectively, the adhesion of the p lateral electrode 21 and the n 
lateral electrode 22 can be raised. Therefore, the ingredient which can acquire the ohmic contact with 
good nickel or platinum etc. can constitute the p lateral electrode 1 9. Therefore, while being able to 
make contact resistance small, exfoliation of an electrode can be prevented, and the quality and 
reliability of a component can be raised. 

[0043] Moreover, since the insulating layer 18 was formed in the front face of the n side contact layer 



13 and the p side contact layer 17, and the list covering the side face of the n side contact layer 13, n 
mold cladding layer 14, a barrier layer 15 r p mold cladding layer 16, and the p side contact layer 17, 
parasitic capacitance can be reduced rather than the case where an insulating layer 1 8 is formed only in 
the front face of the n side contact layer 13 and the p side contact layer 17. Therefore, the 
semiconductor laser excellent in the RF property is manufactured. 

[0044] furthermore, the solder at the time of mounting in a package, since the insulating layer 1 8 is 
formed so that a pn junction side (namely, side face of a barrier layer 15) may be covered — creeping 
up — etc. — when generated, an electric short circuit does not oofcur and reliable mounting conditions 
can be acquired. j$< : ~ 

[0045] Moreover, since the p lateral electrode 21 can be formed in self align by using the resist film 19 
as a mask, shortening of a production process can be attained. 

[0046] [Example 1 of reference] In addition, other gain guided wave mold semiconductor laser is also 
producible after the process of drawing 7 through the process shown in drawing 16 . 
[0047] That is, as shown in drawing 16 , the resist film (not shown) is applied to the whole surface 
(namely, on an insulating layer 18 and the p lateral electrode 21), and opening 18b is formed in the field 
on the n side contact layer 13 of an insulating layer 18 like the time of forming opening 18a. Then, the 
sequential vacuum evaporationo of titanium, aluminum, platinum, and the gold is carried out, and the n 
lateral electrode 22 is formed in the whole surface (namely, on the n side contact layer 13 from which 
the insulating layer 18 was removed alternatively, and the resist film which is not illustrated) like the 
case where the p lateral electrode 21 is formed. 

[0048] Next, on the p lateral electrode 21 and the insulating layer 18 of the perimeter, the sequential 
vacuum evaporationo of titanium and the gold is carried out alternatively, and the electrode 23 for 
contact is formed. Moreover, the electrode 24 for contact is formed at coincidence on the n lateral 
electrode 22 and the insulating layer 18 of the perimeter. These electrodes 23 and 24 for contact 
reinforce the adhesion of the p lateral electrode 21 and the n lateral electrode 22, respectively. In 
addition, the electrodes 23 and 24 for contact can be used also as an electrode for mounting at the time 
of mounting the completed semiconductor laser in a package (namely, a bonding pad and the electrode 
for die bondings to a package). 

[0049] Cleavage of the substrate 10 is carried out to the last by the die-length direction (the direction 
of cavity length) of the p lateral electrode 21, and perpendicularly predetermined width of face, and it is 
made to complete gain guided wave mold semiconductor laser by using the cleavage plane as a 
reflecting mirror. In addition, it may be made to perform coating for controlling a reflection factor to a 
cleavage plane if needed. 

[0050] Thus, in the manufactured gain guided wave mold semiconductor laser, when a predetermined 
electrical potential difference is impressed between the p lateral electrode 21 and the n lateral electrode 
22 through the electrodes 23 and 24 for contact, a current is poured into a barrier layer 15. In addition, 
the constriction of the current is carried out by the insulating layer 18. Thereby, in a barrier layer 15, 
luminescence by electronic-electron hole recombination takes place, and light is taken out outside 
through the reflecting mirror which is not illustrated. Here, since the front face of the p side contact 
layer 17 and the n side contact layer 13 has not received the damage at the time of manufacture, the p 
side contact layer 17, the p lateral electrode 21, and the n side contact layer 13 and the n lateral 
electrode 22 are carrying out ohmic contact at fitness, respectively, and a stable contact resistance 
value can be acquired. Therefore, semiconductor laser operates on the stable electrical potential 
difference. 

[0051] Also in this gain guided wave mold semiconductor laser, as mentioned above, residue can be 
removed and the effectiveness of being able to attain reduction-ization of the contact resistance 
between a semi-conductor layer and an electrode can be acquired. 

[0052] (Gestalt of the 2nd operation) The gestalt of this operation is related with the manufacture 
approach of ridge guided wave mold semiconductor laser using the substrate which consists of a 
conductive ingredient. 

[0053] With the gestalt of this operation, first, the conductive substrate 40 (refer to drawing 17 ) which 
consists of GaN or SiC (silicon carbide) is prepared, and the semi-conductor layer and the p lateral 
electrode 21 which have the ridge section R are formed on this conductive substrate 40 like the process 
shown in drawing 1 of the gestalt of the 1st operation - drawing 7 and drawing 9 - drawing 14 . 
[0054] Next, as shown in drawing 1 7 , on the p lateral electrode 21 and the insulating layer 31 of the 
perimeter, the sequential vacuum evaporationo of titanium and the gold is carried out alternatively, and 
the electrode 23 for contact is formed. Then, sequential formation of the n lateral electrode 22 and the 



electrode 24 for contact is carried out at the rear-face side of the conductive substrate 40. Cleavage of 
the conductive substrate 40 is carried out to the die-length direction and perpendicular of the p lateral 
electrode 21 by predetermined width of face at the last. In addition, the n lateral electrode 22 may be 
Mr. whole surface 1's electrode, and may be an electrode which has a pattern for specifying the bar of 
semiconductor laser, and the location of a chip. 

[0055] (Gestalt of the 3rd operation) By the manufacture approach of the ridge guided wave mold 
semiconductor laser concerning the gestalt of this operation, as shown in drawing 1 8 , a semi-conductor 
layer is first grown up on a substrate 10 like the process shown: in dh^wjng 1 of the gestalt of the 1st 
operation. Next, while etching alternatively a part of p side-contact layer 17 and p mold cladding layer 16 
and making these into a ridge configuration, p mold cladding layer 1 6 is exposed on a front face. 
[0056] next, MOCVD — by law, on the exposure of p mold cladding layer 16, the re-growth phase 51 
which consists of an III group night RAIDO compound semiconductor with a refractive index smaller than 
p mold cladding layer 16 and the p side contact layer 17 (for example, GalnN, AIGaN) is formed so that 
the ridge section of the p side contact layer 1 7 and p mold cladding layer 1 6 may be surrounded. The 
re-growth phase 51 is formed so that the front face and the front face of the p side contact layer 1 7 
may become almost flat. 

[0057] This re-growth phase 51 can be formed through either of two kinds of processes described 
below. One is the approach (selective growth technique) of forming in fields other than the exposure of 
p mold cladding layer 1 6 the insulating layer which consists of a silicon dioxide, 4 nitriding 3 silicon, etc., 
and re-growing up GalnN etc. into the exposure of p mold cladding layer 1 6 alternatively. According to 
this approach, when a certain thing re-grows, as for a limit, the re-growth phase 51 of a desired 
configuration is obtained by the class and growth conditions of a crystal of making it growing up. After 
other one re-grows up GalnN etc. into the whole surface, it is the approach of removing an unnecessary 
part. Although a degree of freedom is comparatively high about the class and growth conditions of a 
crystal of making it growing up according to this approach, the process which exposes p mold contact 
layer 1 7 on a front face is required. 

[0058] Hereafter, an insulating layer 18, the p lateral electrode 21, the n lateral electrode 22, and the 
electrodes 23 and 24 for contact are formed, respectively like the process shown in drawing 1 of the 
gestalt of the 1st operation - drawing 8 . 

[0059] In addition, after forming the re-growth phase 51, the touch area of the p side contact layer and 
p lateral electrode is enlarged, and you may make it reduce contact resistance on the p side contact 
layer 1 7 and the re-growth phase 51, while growing up the p side contact layer again although 
illustration is not carried out. 

[0060] Thus, since the p lateral electrode 21 and the electrode 23 for contact were formed after 
according to the gestalt of this operation forming the re-growth phase 51 in the side face so that it may 
become almost flat with- the p side contact layer 17, a front face can be made flatter than the 1st and 
the ridge guided wave mold semiconductor laser of the gestalt of the 2nd operation. Therefore, the 
thermal resistance property at the time of mounting in a package and adhesion with a solder ingredient 
etc. can be improved, and the dependability of mounting can be raised. 

[0061] [Example 2 of reference] This example of reference is related with the manufacture approach of 
light emitting diode. Here, while forming thinly the p lateral electrode 21 and the contact electrode 23, 
respectively so that the sum total of those thickness may be set to about 5-1 5nm as shown in drawing 
19 , except for forming so that the touch area of the p lateral electrode 21 and the p side contact layer 
17 may become large, and not carrying out cleavage of the substrate 10, others can be manufactured 
like the gestalt of the 1st operation. In this light emitting diode, since the p lateral electrode 21 and the 
contact electrode 23 are formed thinly, as the arrow head showed drawing 19 , light can be taken out 
from the upper part (namely, the p lateral electrode 21 side) of a substrate 10. In addition, if a substrate 
10 makes luminescence wavelength penetrate, of course, it can also consider as the structure which 
takes out light from the rear-face side of a substrate 1 0. 

[0062] [Example 3 of reference] This example of reference is related with the manufacture approach of 
a field-effect transistor (FET;Field Effect Transistor). 

[0063] first, the substrate 60 which consists of sapphire as shown in drawing 20 — preparing — this 
substrate 60 top — for example, MOCVD — after growing up 30nm of buffer layers 61 which consist of 
GaN which has a near crystal structure amorphously at 550 degrees C by law, or AIGaN mixed crystal, 
the channel layer 62 which consists of an n mold GaN which added silicon as an n mold impurity at 1000 
degrees C is grown up. Furthermore, AIN or the presentation ratio x of aluminum grows up the gate 
dielectric film 63 which consists of large Alx Ga1-x N (x< 1) continuously. In addition, you may make it 



form gate dielectric film 63 by other insulating materials, such as a silicon dioxide. 
[0064] Next, parts other than the field corresponding to the gate electrode 66 (refer to drawing 21 ) 
which gate dielectric film 63 mentions later are removed using alkaline solutions, such as for example, a 
potassium-hydroxide (KOH) water solution, then, the exposure whole (namely, the front face of the 
channel layer 62 and a list the front face and side face of gate dielectric film 63) — for example, vacuum 
deposition and ECRCVD — the insulating layer 64 which'cdnsists of an insulating material which has 
etching-proof nature, for example, a silicon dioxide, and 4 nitriding 3 silicon by law or the ECR spatter is 
formed. This insulating layer 64 supports one example of tfS? ^'protective layer" of this invention. 
[0065] Next, the resist film 65 is formed with a spin coatfmethod all over an insulating layer 64. Here, 
the resist film 65 supports one example of the "mask layer" of this invention. Then, it is made to be the 
same as that of the process shown in drawing 3 of the gestalt of the 1 st operation - drawing 5 . The 
openings 65a, 65b, and 65c according to the pattern of the gate electrode 66 later mentioned on the 
resist film 65, the source electrode 67, and the drain electrode 68 (refer to drawing 21 ) are formed, 
respectively. After removing the residue (not shown) adhering to the interior of these openings 65a, 65b, 
and 65c, the openings 64a, 64b, and 64c corresponding to Openings 65a, 65b, and 65c are formed in an 
insulating layer 64, respectively. 

[0066] Next, after carrying out the laminating of titanium (Ti), platinum (Pt), and the gold (Au) to the 
whole surface one by one from the channel layer 62 side with vacuum deposition and forming a metal 
layer in it, as shown in drawing 21 , the resist film 65 is removed. At this time, the metal layer which is in 
contact with the resist film 65 at coincidence is removed alternatively, and the residual part of a metal 
layer serves as the gate electrode 66, the source electrode 67, and the drain electrode 68. 
[0067] Thus, in the manufactured field-effect transistor, if an electrical potential difference is applied to 
the gate electrode 66, the drain current which flows between the source electrode 67 and the drain 
electrode 68 through the channel layer 62 will change. Here, the damage to the front face of the channel 
layer 62 which contacts the source electrode 67 and the drain electrode 68 at the time of manufacture 
can be controlled, the source electrode 67 and the drain electrode 68, and the channel layer 62 are 
carrying out ohmic contact at fitness, respectively, and a stable contact resistance value can be 
acquired. 

[0068] Thus, in this example of reference, for the same reason as the gestalt of the 1 st operation, while 
being able to make small contact resistance between the source electrode 67 and the drain electrode 
68, and the channel layer 62, the adhesion of the source electrode 67 and the drain electrode 68 can be 
raised, and the quality and reliability of a component can be raised. Moreover, since the gate electrode 
66 can be formed on the clean surface of gate dielectric film 63, a good property is securable. 
[0069] As mentioned above, although the gestalt and the example of reference of operation were given 
and this invention was explained, this invention is not limited to the gestalt of each above-mentioned 
implementation, and is variously deformable. For example, although the front face and side face of a 
semi-conductor layer were protected by the insulating layer 18 with the gestalt of the above-mentioned 
implementation when removing residue 20, you may make it protect only a front face. However, when it 
takes attaining reduction-ization of parasitic capacitance into consideration, it is desirable to form an 
insulating layer 18 also in the side face of a semi-conductor layer. Moreover, membranes can be formed 
like aluminum or titanium, without giving a damage to the front face of a semi-conductor layer with 
vacuum deposition. You may make it protect by the metal layer which consists of a metallic material 
which can be alternatively etched to the resist film 18 or a semi-conductor layer. And in that case 
Since an electric short circuit will occur if it has the metal layer as a component, it is necessary to 
remove a metal layer after p mold electrode 21 formation or n lateral electrode 22 formation. 
Furthermore, you may make it form a protective layer combining an insulating material and a metallic 
material. 

[0070] Moreover, although the gestalt of the above-mentioned implementation explained the case where 
an III group night RAIDO compound semiconductor constituted a semi-conductor layer, this invention is 
applicable also about the case where the semiconductor device which a semi-conductor layer consists 
of with other semi-conductors is manufactured. 

[0071] Moreover, after making the p side contact layer 17 and p mold cladding layer into a ridge 
configuration, you may make it form the p lateral electrode 21, although the gestalt of the above 1st and 
the 2nd implementation explained the case where the p side contact layer 1 7 and p mold cladding layer 
were made into a ridge configuration in self align by using the p lateral electrode 21 as a mask. In that 
case, it has the advantage that the p lateral electrode 21 can be formed, without depending on the 
design of the height of the ridge section, or the stripe width of face of the p lateral electrode 21. 



Moreover, since the front face does not necessarily need to be flat, the width of face of selection of 
process sequence spreads. For example, after forming the n lateral electrode 22, it is also possible to 
form the p lateral electrode 21, and in consideration of heat treatment conditions etc., process 
sequence can be determined in that case. 

[0072] Moreover, although semiconductor laser, the light emitting diode, and the field-effect transistor 
were mentioned as the example and the gestalt and the example of reference of the above-mentioned 
implementation explained them as a semiconductor device, this invention is widely applicable at the time 
of manufacture of other semiconductor devices in thevcase where the emitter electrode, base electrode, 
and collector electrode of a bipolar transistor are formed, the case of forming the electrode of a 
photodiode, etc. Furthermore, it is also possible to apply to manufacture of the accumulation component 
on which these components etc. were accumulated. 

[0073] Moreover, although it was made to make the p lateral electrode 21 into the stripe configuration, 
you may make it arrange conversely the corresponding layer of n mold and the corresponding layer of p 
mold by making the n lateral electrode 22 into a stripe configuration with the gestalt of the above- 
mentioned implementation. 

[0074] Furthermore, although the ashing processing which used oxygen removed residue 20 with the 
gestalt of the above-mentioned implementation, you may make it the wet etching using an alkaline 
etching reagent etc. remove. However, although it has the advantage of not giving a damage to a front 
face, in this case, since the resist film 19 is easy to be removed by the alkaline etching reagent, when 
the irregularity of that a limitation is in selectivity with the resist film 1 9 and a front face is large, there 
is a limit of being hard to process a crevice. 
[0075] 

[Effect of the Invention] As explained above, since it faces forming the ridge section of cross-section 
trapezoidal shape in a semi-conductor layer and was made to etch the semi-conductor layer by using 
an electrode as a mask, according to the semi-conductor light emitting device and its manufacture 
approach of this invention, a manufacture process can be shortened. 



[Translation done.] 
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. JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.- So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translate^. 
3.1n the drawings, any words are not translated..^ 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining one production process of the gain guided wave mold 
semiconductor laser concerning the gestalt of 1 operation of this invention. 
[Drawing 2] It is a sectional view for explaining the production process following drawing 1 . 
[Drawing 3] It is a sectional view for explaining the production process following drawing 2 . 
[^Qw[ng_4] It is a sectional view for explaining the production process following drawing 3 . 
[DjwringJjQ It is a sectional view for explaining the production process following drawin g 4 . 
[Drawing 6] It is a sectional view for explaining the production process following drawing 5 . 
[Drawing 7 ] It is a sectional view for explaining the production process foHowing drawing 6 . 
[Drawing 8] It is a sectional view for explaining the production process following drawing 7 . 
[Drawing 9] It is a sectional view for explaining the production process following drawing 8 . 
[Drawing 10] It is a sectional view for explaining the production process following drawing 9 . 
[Drawing 1 1] It is a sectional view for explaining the production process following drawing 10 . 
[Drawing 1 2] It is a sectional view for explaining the production process following d rawing 1 1 . 
[DrawingJ[3l It is a sectional view for explaining the production process following drawing 1 2 . 
[Drawing 14 ] It is a sectional view for explaining the production process following drawing 13 . 
[Drawing 1 5] It is a sectional view for explaining the production process following drawing 1 4 . 
[Drawing 16] It is a sectional view for explaining one production process of the ridge guided wave mold 
semiconductor laser concerning the example 1 of reference. 

[Drawing 1 7] It is a sectional view for explaining one production process of the ridge guided wave mold 

semiconductor laser concerning the gestalt of operation of the 2nd of this invention. 

[Drawing 18] It is a sectional view for explaining one production process of the ridge guided wave mold 

semiconductor laser concerning the gestalt of operation of the 3rd of this invention. 

[Drawing 19] It is a sectional view for explaining the manufacture approach of the light emitting diode 

concerning the example 2 of reference. 

[Drawing 20] It is a sectional view for explaining one production process of the field-effect transistor 
concerning the example 3 of reference. 

[Drawing 21] It is a sectional view for explaining the production process following drawing 20 . 
[Description of Notations] 

10 [ — n mold cladding layer, 15 / — A barrier layer, 16 / — p mold cladding layer, 17/ — 18 The p 
side contact layer 31 / — An insulating layer, 18a 18b, 19a / — 19 Opening, 20 / — Residue, 21 / — p 
lateral electrode, 21a / — A metal layer, 22 / — 23 n lateral electrode, 24 / — Electrode for contact ] 
— 1 1 A substrate, 12 — A substrate layer, 13 — The n side contact layer, 14 
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